Conclusions: OSA is a predictor of recurrent AF after RFA independent of its association with BMI and left atrial size. Obesity does not appear to affect outcomes after radiofrequency catheter ablation of AF.
Introduction
Obesity has been shown to be a modifiable risk factor for atrial fibrillation (AF) mediated by left atrial dilatation. 1 Obesity is also a predictor of OSA. 2 Previous studies have reported a strong association between OSA and AF. [3] [4] [5] An increased risk of stroke and death in patients with OSA 5 may be due to a higher prevalence of AF. 4 A prior study demonstrated that AF is more likely to recur after cardioversion in patients with than without OSA. 3 However, the relationship between OSA and BMI to the outcomes of catheter ablation of AF have not been described. The purpose of this study was to determine the effects of BMI and OSA on the clinical efficacy of radiofrequency catheter ablation of AF. 
Methods

Study Subjects
The subjects of this study were 324 consecutive patients who underwent radiofrequency catheter ablation of AF at the University of Michigan from July 2005 to June 2006. All patients underwent ablation procedure using the same ablation strategy. Patients who had a prior ablation procedure for AF were excluded from this study. There were 246 men and 78 women, and their mean age was 57 ± 11 years. The mean left atrial size and left ventricular ejection fraction were 44 ± 7 mm and 0.56 ± 0.09, respectively. AF was paroxysmal in 234 (72%) and chronic in 90 (28%) patients. The clinical characteristics of the study subjects are described in Table 1 .
Among the 324 patients, 32 (10%) were diagnosed as having OSA by polysomnography before the ablation procedure based on previously described criteria. 6 Among the 32 patients with OSA, 18 (56%) were receiving therapy with continuous positive airway pressure (CPAP) before and after the ablation procedure. Patients with OSA had a larger left atrial size, lower left ventricular ejection fraction, higher BMI, and more often had hypertension than patients without OSA (Table 2) .
Based on BMI, subjects were classified as being normal in weight (<25 kg/m 2 ), overweight (≥25 and <30 kg/m 2 ), or obese (≥30 kg/m 2 ). 7 Among the 324 patients, 58 (18%) had a normal BMI, 126 (39%) were overweight, and 140 (43%) were obese (Table 3) .
Electrophysiologic Study
The study protocol was approved by the Institutional Review Board. All patients provided informed consent. An electrophysiologic study was performed in the fasting state. Antiarrhythmic drugs except amiodarone (53 patients) were discontinued at least 4-5 half-lives before the study. Amiodarone was discontinued 6-8 weeks prior to the procedure. Through a femoral vein, a quadripolar catheter (EP Technologies, Mountain View, CA, USA) was positioned in the coronary sinus and used for recording and atrial pacing (clinical stimulator model EP-3, EPMed Systems). After the transseptal puncture, systemic anticoagulation with a target activated clotting time of 350 seconds was achieved with intravenous heparin. A three-dimensional reconstruction of the left atrium and pulmonary veins was created using an electroanatomic mapping system (Carto, Biosense Webster, Diamond Bar, CA, USA). A circular 10-pole catheter (Lasso, Biosense Web- ster) was then inserted in the left atrium and positioned in all pulmonary veins for mapping. Barium sulfate esophageal cream (E-Z-EM, Canada) was administered orally to monitor the location of the esophagus by fluoroscopy throughout the procedure. 8 After the barium swallow, midazolam and fentanyl were administered for conscious sedation.
Radiofrequency Catheter Ablation
AF was induced by atrial pacing in patients who were in sinus rhythm. Radiofrequency catheter ablation was performed with a temperature-controlled, 8-mm-tip ablation catheter (Navistar, Biosense-Webster) in 76 patients and a 3.5-mm, irrigated-tip ablation catheter (ThermoCool, BiosenseWebster) in 248 patients. Radiofrequency energy was applied at a maximum temperature of 50
• C and a maximum power of 70 W when an 8-mm-tip catheter was used, or a maximum power of 35 W when an irrigated tip catheter was used. However, the maximum power was reduced to 35 W or 20-25 W when ablation was performed around the PV ostia or along the posterior left atrium, with an 8-mm-tip or an irrigated-tip catheter, respectively. Complex fractionated atrial electrograms in the pulmonary veins and their antral areas were targeted for ablation, as described previously. 9 If AF persisted or still was inducible in patients with paroxysmal AF, complex fractionated atrial electrograms in the left atrium and coronary sinus were ablated. Ablation was continued until AF terminated and became noninducible (in patients with paroxysmal AF) or until complex, fractionated electrograms were eliminated. 
Postablation Care
After the ablation procedure, all patients were hospitalized overnight and treated with intravenous heparin. Warfarin therapy was restarted the evening of the procedure. Lowmolecular-weight heparin (0.5 mg/kg subcutaneously every 12 hours) was used after discharge until the international normalized ratio was ≥2.0. Anticoagulation was continued until patients were free from recurrent AF and atrial flutter for 3 months after the most recent ablation procedure.
Follow-Up
Patients were followed 3 months after the procedure and every 3-6 months thereafter. A 12-lead ECG was obtained during clinic visits. The patients were instructed to contact a nurse if symptoms suggestive of an arrhythmia occurred. A 30-day autotrigger event recorder was provided to patients who remained in normal sinus rhythm at 3-6 months postablation. Because early recurrences of AF or atrial flutter within the first few weeks after ablation may be transient, 10 a blanking period of 8 weeks postablation was applied.
The primary endpoint of the study was freedom from recurrent AF in the absence of antiarrhythmic drug therapy after a single ablation procedure. The prevalence of atrial flutter after ablation was also reported.
Statistical Analysis
A multivariate logistic regression analysis was performed to determine the independent predictors of recurrent AF after a single ablation procedure. A P < 0.05 indicated statistical significance.
Results
Radiofrequency Catheter Ablation
There was no significant difference in the mean duration of the procedure (230 ± 46 minute vs. 227 ± 38 minute, P = 0.65), fluoroscopy (56 ± 20 minute vs. 55 ± 18 minute, P = 0.84), and radiofrequency energy application (38 ± 14 minute vs. 42 ± 14 minute, P = 0.09) between patients without and with OSA.
The mean duration of the fluoroscopy (P = 0.02) and applications of radiofrequency energy (P = 0.01) were longer in obese patients than in normal patients (Fig. 1) . However, the mean procedure time was similar.
OSA and Results of Ablation
The mean duration of follow-up after the first ablation procedure was similar between patients without and with OSA (7 ± 4 months vs. 7 ± 4 months, P = 0.47). Among the 324 patients with AF, 184 of 292 patients (63%) without OSA and 13 of 32 patients (41%) with OSA were free from AF without antiarrhythmic drug therapy after a single ablation procedure (P = 0.02). Persistent atrial flutter developed in 24 of the 292 patients (8%) without OSA and 3 of the 32 patients (9%) with OSA (P = 0.74). Overall, 160 of 292 patients (55%) without OSA and 10 of 32 patients (31%) with OSA were in sinus rhythm without antiarrhythmic drug therapy after a single ablation procedure (P = 0.01). Among 32 patients with OSA, 18 patients were treated with CPAP prior to the ablation procedure. Nine of 18 patients (50%) who were on CPAP remained free from AF, whereas 4 of 14 patients (29%) with untreated OSA remained free from AF (P = 0.289). Among the 234 patients with paroxysmal AF, 146 of 211 patients (69%) without OSA and 11 of 23 patients (48%) with OSA remained free from AF after a single procedure (P = 0.036). Among the 90 patients with chronic AF, 38 of 81 patients (47%) without OSA and 2 of 9 patients (22%) with OSA were free from AF after a single procedure (P = 0.14).
BMI and Recurrence of AF After Catheter Ablation
As a continuous variable, each one unit increase in BMI was associated with a 5% increase in the probability of recurrent AF after a single ablation procedure (P = 0.01). When patients were categorized into three groups according to BMI, overweight and obese patients had a 1.36-fold (P = 0.38) and 2.48-fold (P = 0.007) increase, respectively, in the probability of recurrent AF, compared with patients with normal weight (Table 4 ). However, after adjustment for other clinical variables (age, gender, type and duration of AF, left atrial size, and left ventricular ejection fraction), BMI was not predictive of recurrent AF (OR = 0.99, 95% CI: 0.95-1.04, P = 0.68). 
Multivariate Analysis
On multivariate analysis, among the variables of age, gender, BMI, type and duration of AF, presence of OSA, left atrial size, left ventricular ejection fraction, and hypertension, OSA was the strongest independent predictor of recurrent AF after catheter ablation (OR = 3.04, 95% CI: 1.11-8.32, P = 0.03, Table 5 ).
Complications
Among the 324 patients, pericardial tamponade occurred in two patients (0.6%) without OSA and was successfully managed by pericardiocentesis. Another patient (0.3%) without OSA experienced a transient ischemic attack, which resolved completely within hours. There was no significant difference in BMI among patients who did and did not experience a complication. A major groin hematoma developed in two patients who were overweight and in one patient who had a normal BMI (P = 0.48).
Discussion
Main Findings
The results of this study demonstrate that OSA is associated with a three-fold increase in the probability of recurrent AF after catheter ablation, independent of comorbidities known to be associated with a higher likelihood of recurrence. In fact, among several covariates, OSA was by far the strongest independent predictor of recurrent AF after radiofrequency catheter ablation. On the other hand, obesity, although demonstrated to be a risk factor for the development of AF, was not an independent predictor of recurrent AF after catheter ablation.
Obstructive Sleep Apnea and Atrial Fibrillation
Previous studies have shown a strong association between OSA and AF. [3] [4] [5] Possible mechanisms by which OSA predisposes to AF include intermittent hypoxemia, hypercapnia, chemoreceptor excitation, and surges in adrenergic tone.
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Increases in blood pressure and left ventricular afterload due to sympathetically mediated vasoconstriction during an apneic episode can lead to left atrial enlargement. 12 Left atrial dilatation and probable fibrosis due to prolonged exposure to elevated left ventricular filling pressures may contribute to the perpetuation of AF. Left atrial stretch has also been demonstrated to promote pulmonary vein arrhythmogenicity.
In this study, OSA was associated with a three-fold increase in the probability of recurrence of AF after radiofrequency catheter ablation. Although patients with OSA are more likely to have comorbid conditions that predispose to AF, such as larger left atrial size, lower ejection fraction, higher BMI, and hypertension, OSA was the only independent predictor of recurrences of AF by multivariate analysis. The explanation for the lower efficacy of catheter ablation of AF in patients with OSA is unclear, but it is possible that ongoing hypoxemia, hypercapnia, surges in sympathetic tone, and left atrial stretch cause the emergence of previously untargeted sites that initiate and/or maintain AF.
Patients with untreated OSA were found to have a higher incidence of recurrent AF after cardioversion than patients with treated OSA or patients without OSA. 3 In this study, the sample sizes were not large enough to discern accurately whether treatment with CPAP mitigated the effects of OSA on the outcome of radiofrequency catheter ablation of AF.
Body Mass Index
Obesity was found to be a modifiable risk factor for AF in a large, community-based cohort study. 1 Because there is strong correlation between BMI and left atrial size, 13 the effect of obesity may be mediated by left atrial distension. 14 Left atrial enlargement may result from elevated plasma volume, 15 ventricular diastolic dysfunction, 16 and enhanced neurohormonal activation 17 in overweight and obese patients. Furthermore, autonomic dysfunction 18 and sleep apnea 3 may further facilitate AF in obesity.
Despite the association between obesity and AF, the BMI was not related independently to the risk of recurrent AF after catheter ablation in this study. It may be that comorbid conditions such as sleep apnea or left atrial enlargement are the key variables that promote AF in overweight and obese patients. Obesity may simply be a phenotypic marker of profibrillatory comorbidities.
The longer fluoroscopy time and duration of radiofrequency energy applications in obese than in normal patients may be due to larger left atrial size that necessitates more extensive ablation.
Of note is that >80% of patients in this study were either overweight or obese. In contrast, the prevalence of a BMI ≥25 in the adult population in Michigan is 61% (CDC, 2005). It is possible that patients with a high BMI are more likely to have AF and therefore are more often referred for an ablation procedure. Nevertheless, the high prevalence of elevated BMI points to the obesity pandemic and underscores the need for early measures to prevent and treat obesity.
Limitations
The principal limitation of this study is that not all patients underwent polysomnography. Therefore, the prevalence of OSA may have been underestimated.
The findings of this study may be valid only for the specific type of ablation strategy employed. However, the ablation strategy utilized in this study has been reported to have comparable efficacy to other commonly used ablation techniques. 9 Because the number of patients receiving therapy with CPAP was small, the study did not have adequate power to determine the effect of CPAP on the efficacy of catheter ablation in patients with OSA.
Conclusions
Patients with OSA are less likely to remain in sinus rhythm after radiofrequency catheter ablation for AF. It remains to be determined whether aggressive management of OSA will result in improvement in clinical efficacy of catheter ablation for AF.
Although BMI is not an independent predictor of recurrent AF after radiofrequency catheter ablation, BMI is causally linked to OSA and other variables, such as left atrial enlargement, which promote AF. It also remains to be determined whether weight reduction will decrease the heightened risk of AF associated with obesity.
